Steinernema carpocapsae is an entomopathogenic nematode (EPN) used in biological control 14 of agricultural pest insects. It enters the hemocoel of its host via the intestinal tract and releases 15 its symbiotic bacterium Xenorhabdus nematophila, which kills the insect in less than 48 hours. 16 Although several aspects of its interactions with insects have been extensively studied, still 17 little is known about the immune and physiological responses of its different hosts. In order to 18 improve this knowledge, we examined the transcriptional responses to EPN infestation of the 19 fat body, the hemocytes and the midgut in the lepidopteran pest model Spodoptera frugiperda 20 (Lepidoptera: Noctuidae). 21 Our results indicate that the tissues poorly respond to the infestation at an early time post-22 infestation of 8 h, even though the proliferation of the bacterial symbiont within the hemocoel 23 is detected. Only 5 genes are differentially expressed in the fat body of the caterpillars.
140
observed that gene expression datasets cluster by tissue (S1 Fig) and Overview of transcriptional response 148 In MG and FB, at 8 hpi, we detected a very small transcriptional response with only 5 149 statistically significant differentially expressed (DE) genes in FB and none in MG (S2 Fig) . 150 From these, 4 genes are overexpressed in response to infestation and are also retrieved underexpressed. In order to detect the most significant genes responding to EPN infestation at 156 15 h, we modeled the EPN effect across all datasets and identified 271 DE genes (Fig 1D) 157 which we intersected with all previous 1 on 1 comparison per conditions (see Methods). Of 158 these, we identified a total of 216 DE genes at 15 hpi in the three different tissues (Fig 1E) . 159 Most of the response occurred in FB and HC tissues (Fig 1E, Table 2 ) with, again, a vast 160 majority of overexpressed genes (Fig 1D and 1E, Table 2 ). 163 and therefore, we hypothesized that the genes, which would be overexpressed specifically in 171 the midgut may identify anti-nematode factors. However, we did not find any DE genes in the 172 midgut at 8 hpi and only 4 genes that were DE specifically in the midgut tissue at 15 hpi, with 173 only 1 being overexpressed and 3 under-expressed (Fig 2A) . The overexpressed gene encodes 174 a heat-shock protein of the hsp70 family (S1 Data). This superfamily of genes is usually 175 upregulated in response to oxidative stress and in the midgut of Drosophila, Hsp68 promotes 176 the proliferation of intestinal stem cells, and thus its regeneration (28). cysteine rich domain proteinase inhibitor was also overexpressed. There is no enrichment for 199 a specific molecular function or biological process among those nine genes.
200
Similarly, 10 genes were found significantly differentially expressed in both the midgut and fat body-specific up-regulated genes, we found one major actor of immunity, the Toll receptor 221 (32), which recognizes the cleaved circulating cytokine Spätzle to induce the production of 222 anti-microbial peptides (33). It is noteworthy that Toll receptor is expressed in all three tissues, 223 but overexpressed in response to EPN in the fat body only (Fig 3A) . Among the 11 other 224 overexpressed genes, we found one potential receptor of the arrestin family, several enzymes 225 (lipase, carboxypeptidase and a GTPase co-factor), again a MADF-domain transcription factor 226 and a dynein (S1 Data). as the fat body, capable of synthesis of AMP (38-40). Therefore, we hypothesized that genes 232 specifically induced in the hemocytes may be involved in coagulation and/or melanization 233 along with cellular immune responses.
234
The largest number of DE genes is found specifically in the hemocytes with 77 genes (Fig 1E) , 235 of which 74 are overexpressed in response to EPN infestation (Fig 3B) . No enriched GO 236 categories have been detected in this list. However, we noticed several categories of genes of 237 interest. The most overexpressed gene encodes a serine protease without CLIP-domain (S1 238 Data) that is homologous to hemolymph proteinase 7 (HP7) and 10 (HP10) in Manduca sexta 239 (41). In the insect immune system, serine proteases participate in the activation of Toll-240 dependent response to infection as well as in the PPO-dependent melanization cascade (42).
241
However, many serine-proteases, in particular without CLIP-domains such as HP7 & HP10, 13 242 still have unknown function. They are regulated by protease inhibitors, a large family of small 243 peptides, one of which is also found highly induced in our list (S1 Data) (log2FoldChange = 244 8.06). This induction suggests a specific role of HP7/HP10 in the hemocytes activation after 245 infestation by EPN.
246
The molecular functions we encountered in the hemocytes specific gene list include MFS 247 transporters, ubiquitin-conjugating enzymes, sina-like, antennal esterases, heat-shock proteins 248 and several protein kinases. We also noticed several genes that may play a role in vacuolar 249 trafficking and signaling, with several transmembrane domain proteins. The general molecular 250 function of these genes makes it hard to link them to any biological process.
251 Surprisingly, we noticed that very few genes linked to immunity were present in this list. In 252 particular, we have not found a deregulation of genes linked to the activation of the PPO 253 pathway besides the above-mentioned serine proteases. The only gene that we could relate to 254 melanization is homologous to the L-dopachrome tautomerase Yellow-f2 that is responsible 255 for the conversion of DOPA into dopamine, a precursor of melanin.
256
Three transcription factors are also found overexpressed in HC, including Vrille. Vrille is 257 known to activate the serine protease Easter that, in turns, cleaves the Spätzle protein that is 258 the ligand of Toll receptor, which we found overexpressed in the fat body (see above). Other 259 genes involved in immunity are Pellino which might be either a negative regulator (43) or an 260 enhancer (44) of the Toll pathway, and IMD which is a member of the IMD pathway.
261
Common response of the Fat Body and the Hemocytes at 15 hpi 262 We identified 71 genes differentially expressed upon EPN infestation in both FB and HC 263 tissues (Fig 1E) , 66 of them being overexpressed in both tissues. The "immunity" ontology is 264 the most enriched GO category (S5 Fig) . The most overexpressed genes correspond to a battery 265 of anti-microbial peptides (attacins, cecropins, defensins, gloverins and moricins) (S1 Data). 266 We identified by homology a repertoire of 40 AMP in the genome of S. frugiperda, classified 267 in 7 different families (25). The majority of AMP production is performed by the FB tissue 268 with members of the attacins, cecropins, gloverins and lebocins strongly overexpressed ( Fig   269   3C ). These AMP are also significantly overexpressed in the HC but to a lesser extent ( Fig. 3C) . 270 Defensins such as the gallerimycin (45) and Spod-x-tox (46) are overexpressed in both tissues.
271
Remarkably, of the 10 moricins present in S. frugiperda genome, only Moricin 10 is strongly 272 overexpressed in both tissues. The diapausin overexpression is less clear with low levels of 273 expression.
274
Among the most overexpressed genes in both FB and HC tissues, we also identified several 275 members of the peptidoglycan recognition proteins (PGRP) (S1 Data), a family of receptors, 276 which are involved in the recognition of pathogens associated molecular patterns (PAMP) and 277 in the subsequent activation of the Toll, Imd and PPO system pathways (19, 20 Altogether, these results suggest that the Toll pathway is activated in both the fat body and the 297 hemocytes.
298
We also observed the overexpression of Hdd23 which mediates PPO activation (50) (Fig 4A) and their expression is upregulated especially in the hemocytes (Fig 4B) . 308 The first IMPI was purified from the hemolymph of the greater wax moth Galleria mellonella 309 (53) and further cloned (54) Finally, we identified 31 genes that are significantly differentially expressed in all three tissues 318 (MG, FB and HC), 25 of them being overexpressed in all tissues (Fig 1E, S1 Data) . There is 319 no enrichment for a specific molecular function or biological process among these 25 genes 320 and only 3 of them could be related to the caterpillar defenses. They encode the previously 321 cited Hdd23 and Cactus, plus Relish, the transcription factor of the Imd pathway, suggesting 322 that this anti-Gram negative bacteria immune pathway (60) could also take part in the 323 previously described humoral responses.
324
During the annotation of these genes, we noticed that the 4 most differentially expressed genes 325 had no known function. Three of them were also among the few that were overexpressed in the 326 FB at 8 hpi (Fig 5A) . We pursued the investigation on the potential origin of these genes, which 327 led us to the identification of 2 previously uncharacterized clusters (Fig 5B and 5C) . 328 The first cluster (Fig 5B) is composed of 5 genes for which we could not find any homology 329 in sequence databases at the protein nor at the nucleotide level in any other organism than 330 Spodoptera frugiperda. However, we could find the whole cluster in the Sf9 and Sf21 cell lines the presence of eukaryotic signal peptides in their predicted amino acid sequences, the fact that 337 they were not only the most differentially expressed genes upon EPN infestation but also the 338 earliest differentially expressed, led us to the hypothesis that they might encode a new class of 339 immune effectors restricted to some noctuid species.
340
A second intriguing category of genes in this list has a homology to bacterial proteins of 341 unknown function. They are a set of three genes in cluster (Fig 5C) , localized between several 
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Despite this powerful response, S. carpocapsae/X. nematophila complex will be successful 367 regardless of the system they will be confronted with. Anatomies of their host might differ but 368 IJs will find their way inside the midgut and pierce it to enter the hemocoel. There, they will 369 survive the inflammatory response of their host for a sufficient amount of time in order for their 370 released bacterial symbionts to multiply within the insect and kill it (6, 7, 67) . It was proposed 371 that the nematodes were able to camouflage themselves from the insect immune system (68).
372
The facts that we found very few genes mobilized at the early time point of 8 hpi and that very 373 few immune-related genes were found mobilized in the midgut at any time point support this 374 idea. However, despite a previous study suggesting that X. nematophila could resist to the 375 humoral immune responses by transcriptional down-regulation (69), our study and recent 376 others (24, 70) clearly show that, regardless of the host insect, the immune system is triggered 377 and will react to the EPN infestation.
378
Nothing in our data suggests a mechanism by which the EPNs bypass the insect defenses at 15 DE genes associated to EPN treatment. We overlapped this list with the pair-wise 467 comparisons above to define tissue-specific or common responses as shown in Fig 1E. 468 Each sub list of DE genes has been analyzed with Blast2GO Pro software (78) to identify 469 homolog sequences by blastx as well as GO categories. By using the full list of S. frugiperda 470 OGS2.2 transcripts as reference (25), the enriched GO terms were identified with a Fisher's 471 exact test (one-tailed, FDR < 0.05).
472
Heatmaps were generated using the heatmap.2 function of the gplots R package such as this 
